To determine whether patients with neurogenic claudication associated with lumbar spinal stenosis would prefer a treatment that makes it possible for them to walk farther or walk with less pain; to examine associations between this treatment preference and patientreported and in-clinic treadmill testing measures of walking ability and walking-associated pain.
There is unanimous agreement that an analgesic medication should relieve pain to be considered effective. 1 However, there is still debate whether decreased pain in the absence of increased physical function provides sufficient benefit to warrant use of analgesic therapy. 2 The debate over the need for efficacy on both analgesic and physical function outcomes is especially pertinent to chronic low back pain syndromes, which are the most common indication for analgesic therapy 3 and the leading cause of disability worldwide. 4 Neurogenic claudication associated with lumbar spinal stenosis is a highly prevalent chronic low back and lower extremity pain syndrome in older adults that is associated with impaired mobility in seniors. [5] [6] [7] There is a major unmet need for nonsurgical therapy for neurogenic claudication. 8, 9 Because advanced imaging techniques that characterize anatomical stenosis are not specific or sensitive for the experience of evoked pain, patient report of symptoms is the cornerstone of analgesic efficacy assessment. 10 Pain-related activity limitation with standing and walking is the clinical hallmark of neurogenic claudication. 11 As such, patients with neurogenic claudication could prioritize improvements in physical function as much as or more than reductions in pain intensity. If patients prioritize reduced pain over increased physical function, or at least find decreased pain in the absence of enhanced physical function a sufficiently successful treatment outcome, denying access to analgesic benefit, even in the absence of functional improvement, could be considered an unsatisfactory clinical outcome.
METHODS Study design. This article reports the results from a cross-sectional research study utilizing data that were collected as part of clinical practice from patients with lumbar spinal stenosis that assesses patients' preferences for treatment outcomes as well as self-reported pain and physical function in daily life and treadmill walking-induced pain and walking performance.
Standard protocol approvals, registrations, and patient consents. This study was approved by the University of Rochester Research Subjects Review Board. It was a retrospective chart review of data from routine clinical assessment forms and therefore did not require patient consent.
Participants. Patients who were undergoing initial evaluation for lumbar stenosis by the senior author (J.D.M.), a board-certified neurologist, or a board-certified neurosurgeon faculty colleague affiliated with the Neuromedicine Pain Management Center at the University of Rochester between 2008 and 2014 were included in the initial sample. Patients who reported exerciseinduced lower back or extremity pain, numbness, heaviness, or vague discomfort that was relieved by sitting, squatting, or forward flexion posturing for a minimum of 3 months were further evaluated as part of our usual clinical care including a treadmill test and standard battery of questionnaires. Treadmill tests and standardized questionnaires were administered by trained clinical coordinating staff using a standardized protocol. Neurogenic claudication was confirmed by requiring patients to report (1) a resting pain level of ,4 out of 10 on a 0 to 10 numeric rating scale (NRS) (0 5 no pain, 10 5 pain as bad as you can imagine), and (2) a pain level of $4 out of 10 on the NRS within 15 minutes of walking on the treadmill. Patients reporting acute musculoskeletal injury unrelated to their baseline low back and leg pain, comorbid medical problems affecting their gait that would preclude treadmill testing (e.g., parkinsonism), or comorbid problems that would alter their walking capacity (e.g., shortness of breath, clinical findings of lower extremity vascular disease [e.g., abnormal distal pulse]) were excluded or rescheduled for another visit if the problem was reversible.
Assessments. Clinical variables. Age and sex were captured from the medical charts. Medication use was self-reported at the time of the treadmill test. For pain location, patients were asked to identify the areas where they experience walking-induced pain, and the clinical coordinator categorized the locations into the following groups: lower back, upper legs, lower legs, buttocks, hips, and/or feet. Any area other than lower back was considered "lower extremity" in these data.
Treatment outcome preference. Participants were asked, "Which of the following results of a possible treatment is more important to you?" (1) a treatment that allows you to walk farther or (2) a treatment that allows you to walk with less pain.
Patient-reported assessments of walking capacity in everyday life. Patients completed the Swiss Spinal Stenosis (SSS) physical function subscale that includes questions pertaining to how far patients can walk and where they have been able to walk (e.g., outdoors, in the house on a flat surface, to the bedroom or bathroom). The SSS physical function subscale has demonstrated construct validity when compared with other self-report measures of function in patients with lumbar spinal stenosis. 12 One of the questions included "How far can you walk before needing to rest: (1) more than 2 miles; (2) more than 2 blocks, but less than 2 miles; (3) more than 50 ft, but less than 2 blocks; (4) less than 50 ft?" (note that a lower score indicates better walking capacity).
Patient-reported assessment of pain intensity when walking in everyday life. Patients were asked, on a 0 to 10 NRS, "what is the highest level of pain you experience when walking?"
Clinic-based treadmill assessment of walking ability and associated pain intensity. Patients sat for 15 minutes before treadmill assessment or until their pain was #3 out of 10, whichever came first. Patients then walked on a 0°incline at 1.2 mph or 0.6 mph if they were unable to walk at 1.2 mph. They were instructed to walk with an upright posture and were not permitted to lean forward or lean on the handrails. They were, however, allowed to lightly touch the handrails if they felt off balance. The time display on the treadmill was obstructed from the patients' view. Patients were asked to report their pain intensity on the 0 to 10 NRS at 30-second intervals. The examination was stopped after 15 minutes or when the patients reached the level of discomfort that would make them stop walking in everyday life. The time when the patient reported a rating of $4 for leg or back pain on the NRS was designated as T first (i.e., the time to first reported pain of moderate intensity). Pain intensity at 15 minutes or when the patient decided to stop walking, whichever came first (i.e., pain intensity at final), and total distance walked on the treadmill were also recorded.
Statistical analyses. The sample size was determined based on the available patient records, as this was a retrospective study. Descriptive statistics were used to assess the number of participants who preferred a treatment that would decrease their pain while walking vs those who preferred a treatment that would allow them to walk farther. Scores for walking capacity and pain intensity measures were compared between these 2 groups using the Wilcoxon rank sum test. Multivariable logistic regression models were applied to assess the relationship between patient preference and (1) walking capacity and (2) pain intensity measures after adjustment for age and sex. Associations between walking capacity and pain intensity measures were assessed using Spearman correlations. If a variable was missing for a patient, the patient was excluded from the analyses involving that variable. The sex and age of the participants who did and did not answer the preference question were compared to evaluate the possible effects of missing data. A p value ,0.05 was considered significant for all comparisons. Adjustments in a were not made for multiple comparisons because many of the analyses are considered hypothesis-generating.
RESULTS
In total, 470 patients with lumbar spinal stenosis were evaluated for the first time at the Neuromedicine Pain Center using our standardized clinical protocol between 2008 and 2014. Of those patients, 142 reported pain $4 out of 10 at rest and 59 did not report pain induced by walking, and therefore were excluded. Thus, 269 participants with neurogenic claudication were evaluated for this study (figure).
The median age of the participants was 69 years and 55% were male. The majority of patients reported pain symptoms in their back and lower extremities (69%); 57 (22%) reported symptoms only in their lower extremities and 26 (10%) reported having only lower back pain (table 1) . Of the patients with neurogenic claudication, 221 answered the question pertaining to their preference to walk with less pain or to walk farther. The participants who did not answer the preference question were similar in age and sex to those who did answer it (median age 70 vs 69 years and 59% vs 54% male). Of those 221 patients, 175 (79%) reported they would prefer a treatment that allowed them to walk with less pain to a treatment that would allow them to walk farther. When only patients who had no pain at rest (n 5 111) were analyzed, the results were similar, with 72% of patients preferring a treatment that would allow them to walk with less pain.
Participants who reported that they preferred to walk with less pain reported higher pain when asked about the highest pain they experience when walking in their everyday life compared with those who preferred a treatment that would allow them to walk farther (median 0-10 NRS: 8.5 vs 7.5, p 5 0.002). In addition, they had a shorter T first during the treadmill test (median: 1.5 vs 2.5 minutes, p 5 0.01) and reported a higher pain severity at the end of the treadmill test (median 0-10 NRS: 7 vs 6, p 5 0.02) (table 1). In contrast, there were no significant differences between the treatment outcome preference groups on any of the walking capacity measures that were investigated, including (1) the SSS physical function subscale (median: 2.6 vs 2.6, p 5 0.54), (2) the distance they reported they could walk in their everyday life (median [arbitrary units]: 3.0 vs 3.0, p 5 0.92), and (3) the distance walked on the treadmill (median: 170 vs 193 m, p 5 0.24) (table 1). After adjusting for participants' age and sex in the multivariable logistic regression models, the relationships of treatment outcome preference with (1) the highest pain when walking in everyday life and (2) the pain rating at the end of the treadmill test were still significant (table 2) . However, the T first was no longer significantly associated with the outcome preference (table 2). A list of Spearman correlations between different measures can be found in table 3.
DISCUSSION A considerable majority (79%) of the patients with neurogenic claudication in this sample preferred a treatment that would decrease their pain when walking over one that would allow them to walk farther. These data suggest that a reduction in pain intensity, even in the absence of concurrent improvement in physical function, is an important treatment outcome for most individuals with lumbar stenosis and neurogenic claudication. Considering that expert consensus groups 13 and the US Food and Drug Administration 14 prioritize patient input when identifying meaningful outcomes, data such as these should be weighted heavily in the ongoing discussions about the need for functional criteria in addition to reduction in pain for analgesic regulatory approval. Although for many patients the pain they experience when walking is the limiting factor in the distance they choose to walk, these results suggest that pain relief would serve as a necessary and sufficient primary endpoint in clinical trials using a patientcentered treatment approach. Understanding patients' treatment priorities is of critical importance because clinical trials in chronic low back pain study populations have become the most common development path for novel analgesic medications since 2011. [15] [16] [17] [18] Patients with higher pain levels may find severe pain to be a worse experience than walking limitations, causing them to prioritize decreased pain over increased physical function. In addition, patients may prioritize analgesia over functional benefit because they appreciate how many other contextual factors-other than pain intensity-influence how far they are able to walk, such as fatigue, motivation, comorbid medical problems, or the availability of a caregiver. Many patients report clinically that pain is only one of multiple factors that can affect their function; therefore, their expectations of an analgesic medication or decompressive surgery may be limited to pain reduction alone. Preference studies similar to this one, however, should be conducted in other evoked chronic pain conditions, especially those in which activity avoidance is one reasonable strategy to limit induced pain. Patients expressing a priority for functional improvement reported lower pain on the measures we investigated, but similar physical function and walking capacity (table 1). The highest correlation between outcomes was between the patient-reported outcome (PRO) question that asks how far a patient can walk and the SSS physical function score (r 5 0.596). This result is not surprising considering that the PRO distance-can-walk question is included in the SSS physical function subscale. Both of the patientreported walking capacity assessments (i.e., the single item distance-can-walk question and the SSS physical function score) were only moderately correlated with the total distance walked on the treadmill (r 5 20.361, p , 0.0001, and r 5 20.443, p , 0.0001, respectively [note that these correlations are negative because a lower score indicates ability to walk farther on the single item question and better function on the SSS physical function subscale]). These data suggest that self-report measures of function focused on walking ability may reflect other constructs than walking capacity alone. These moderate correlations between PRO measures of walking capacity in everyday life and treadmill tests of walking capacity are consistent with the view that selfreported and performance-based measures assess different aspects of physical function that can provide complementary information. [19] [20] [21] 23 Considering that our patients generally favored a treatment that allows them to walk with less pain over one that allows them to walk farther, it is important to identify the outcome measure that can most validly measure pain when walking for clinical trials of analgesic treatments for neurogenic claudication. Asking patients to rate their highest pain when walking in everyday life was relatively moderately correlated (r 5 0.304, p , 0.0001) with the final pain rating on the treadmill test (i.e., the point at which the patient decided to stop walking or after 15 minutes, whichever came first). The T first , however, was less well correlated with pain intensity at final (r 5 20.242, p 5 0.0008) or worst pain when walking in everyday life (r 5 20.068, p 5 0.418). This lower correlation suggests that some patients have increased determination to walk farther than others might at the same pain level. Outcomes that assess the patients' highest pain when walking in everyday life or pain intensity when they decide to stop the treadmill test will likely have increased variability because of differences in patients' levels of pain resilience. This variability in an individual's worst pain scores with walking may have a negative impact on the ability of the measure to detect change over time and to be responsive to a treatment effect. However, if administered in a standardized manner, T first will likely have less variability due to differences in pain resilience and therefore may be more responsive to change than outcomes that are affected by pain resilience. These hypotheses, however, need to be tested in future studies. A possible advantage of the treadmill test is that like other experimental induced-pain tests, it limits patient recall bias and focuses the patient's attention on the type of pain being studied. Neurogenic claudication is a unique chronic pain condition because the symptom pattern is very specific and only occurs when induced by walking or prolonged standing. Thus, an experimental model (i.e., the treadmill test) that specifically induces this type of pain can help focus the patients' attention solely on the symptoms of neurogenic claudication and decrease the variability in pain ratings that are introduced by varied pain resilience and activity levels that occur in everyday life. However, it does limit the assessment to 1 day, which may not be representative of the patient's general pain condition. These pain measurement challenges associated with neurogenic claudication highlight why it is important to assess treatment efficacy in this population separately with a syndrome-specific pain outcome measure.
A few limitations of this study need to be acknowledged. First, because for many patients with neurogenic claudication, pain often limits how far they choose to walk, it could be argued that in order to walk farther, patients would first have to walk with less pain and therefore the question cannot sufficiently dissect patient preference. Even if patients chose the option to walk with less pain because they believed this would allow them to walk farther, these results suggest that walking with less pain is a sufficient outcome for treatment success from the patient perspective. Future studies should challenge patients with specific pain function trade-off scenarios (e.g., would you prefer to walk to your mailbox with pain of 2/10 or to your mailbox and down the street with pain of 6/ 10) to better characterize treatment preference. Our results are based on data from a single tertiary care center and therefore may not be representative of the experiences of all patients with neurogenic claudication. However, our patients were very similar in age to patients admitted to the hospital in the United States and Canada for lumbar spinal stenosis surgery between 2000 and 2009. 22 This study demonstrates that patients with neurogenic claudication associated with lumbar spinal stenosis generally prioritize decreased pain when walking over the ability to walk farther as a treatment outcome. This result should be considered when designing treatment trials for neurogenic claudication and similar studies should be executed for other chronic pain conditions with evoked symptoms to better understand the patient perspective on the relative importance of pain relief vs improved function when evaluating analgesic treatments.
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